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(57) ABSTRACT

A marine propulsion device includes a controller configured
or programmed to perform a control to suppress an engine
rotation speed. The controller is configured or programmed
to perform an initial misfire control to determine whether or
not a cylinder of the engine is caused to misfire in order to
suppress the engine rotation speed when it is determined that
an initial sudden increase in the engine rotation speed that
causes over-revving has occurred based on a detection result
from a rev-up detector, and perform a subsequent misfire
control to determine whether or not the cylinder is caused to
misfire in order to suppress the engine rotation speed when
it is determined that a subsequent sudden increase in the
engine rotation speed that causes the over-revving has
occurred following the initial sudden increase in the engine
rotation speed based on the detection result from the rev-up
detector.
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1
MARINE PROPULSION DEVICE AND
MARINE VESSEL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to Japanese
Patent Application No. 2022-068763 filed on Apr. 19, 2022.
The entire contents of this application are hereby incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a marine propulsion
device and a marine vessel each including a controller that
performs a control to suppress an engine rotation speed by
misfiring.

2. Description of the Related Art

A marine propulsion device and a marine vessel each
including a controller that performs a control to suppress an
engine rotation speed by misfiring is known in general. Such
a marine propulsion device and a marine vessel are disclosed
in Japanese Patent Laid-Open No. 2013-086559, for
example.

Japanese Patent Laid-Open No. 2013-086559 discloses a
marine propulsion device including a four-cylinder engine,
a rotational speed detector that detects an engine rotational
speed, and a controller that performs a control to suppress
the engine rotational speed by misfiring. The controller
performs a control taking into consideration the rate of
change of the engine rotational speed in order to reduce or
prevent a sharp rise that causes over-revving in which the
engine rotational speed increases suddenly when a propeller
rotates in the air, for example, and a control taking into
consideration the engine rotational speed regardless of the
rate of change of the engine rotational speed.

Specifically, at the time of over-revving, the controller
performs a control to suppress the engine rotational speed by
causing all cylinders to misfire based on the rate of change
of the engine rotational speed (engine rotation speed)
exceeding a predetermined value and a control to suppress
the engine rotational speed by changing the number of
misfiring cylinders according to the engine rotational speed.
The controller performs both of the two controls while
over-revving continues.

However, in the marine propulsion device described in
Japanese Patent Laid-Open No. 2013-086559, the controller
performs misfires in consideration of the rate of change of
the engine rotational speed (engine rotation speed), and thus
even when an initial sharp rise that causes over-revving in
which in particular, the rate of change of the engine rota-
tional speed tends to increase and the engine rotational speed
tends to increase suddenly is reduced or prevented, unnec-
essary misfires may be performed based on the rate of
change of the engine rotational speed in a subsequent sharp
rise that causes over-revving after the initial sharp rise that
causes over-revving. In other words, the rate of change of
the engine rotational speed tends to be smaller in the
subsequent sharp rise that causes over-revving as compared
with the initial sharp rise, but the rate of change of the engine
rotational speed may temporarily increase. Even in such a
case, a control is performed to cause all of the cylinders to
misfire such that the engine rotational speed may temporar-
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ily decrease significantly, and the engine rotational speed
fluctuation may become unstable (the fluctuation range may
increase). Therefore, it is conventionally desired to stabilize
the engine rotational speed at the time of the sharp rise that
causes over-revving.

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide
marine propulsion devices and marine vessels that each
stabilize engine rotation speeds at the time of a sharp rise
that causes over-revving.

A marine propulsion device according to a preferred
embodiment of the present invention includes an engine, a
rev-up detector to detect a sudden increase in an engine
rotation speed, and a controller configured or programmed
to perform a control to suppress the engine rotation speed.
The controller is configured or programmed to perform an
initial misfire control to determine whether or not a cylinder
of the engine is caused to misfire in order to suppress the
engine rotation speed when it is determined that an initial
sudden increase in the engine rotation speed that causes
over-revving has occurred based on a detection result from
the rev-up detector, and perform a subsequent misfire con-
trol to determine whether or not the cylinder is caused to
misfire in order to suppress the engine rotation speed when
it is determined that a subsequent sudden increase in the
engine rotation speed that causes the over-revving has
occurred following the initial sudden increase in the engine
rotation speed based on the detection result from the rev-up
detector.

In the marine propulsion device according to a preferred
embodiment of the present invention, the controller is con-
figured or programmed to perform the initial misfire control
to determine whether or not the cylinder of the engine is
caused to misfire in order to suppress the engine rotation
speed when it is determined that the initial sudden increase
in the engine rotation speed that causes the over-revving has
occurred based on the detection result from the rev-up
detector, and perform the subsequent misfire control to
determine whether or not the cylinder is caused to misfire in
order to suppress the engine rotation speed when it is
determined that the subsequent sudden increase in the
engine rotation speed that causes the over-revving has
occurred following the initial sudden increase in the engine
rotation speed based on the detection result from the rev-up
detector. Accordingly, the initial sudden increase in the
engine rotation speed that causes the over-revving and the
subsequent sudden increase in the engine rotation speed that
causes the over-revving following the initial sudden increase
in the engine rotation speed are reduced or prevented by the
initial misfire control and the subsequent misfire control that
are different from each other. That is, the misfire control for
an initial sharp rise that causes the over-revving in which in
particular, the rate of change of the engine rotation speed
tends to increase and the engine rotation speed tends to
increase suddenly, and the misfire control for a subsequent
sharp rise that causes the over-revving are clearly separated.
Furthermore, in the subsequent misfire control, a misfire of
the cylinder is not performed in consideration of the rate of
change of the engine rotation speed, and thus when the
subsequent sudden increase in the engine rotation speed is
reduced or prevented, conventional unnecessary misfires are
reduced or prevented. Consequently, the engine rotation
speed is stabilized at the time of the sharp rise that causes the
over-revving.
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A marine propulsion device according to a preferred
embodiment of the present invention preferably further
includes a rotation speed detector to detect the engine
rotation speed, and the controller is preferably configured or
programmed to start the initial misfire control when it is
determined that the engine rotation speed has changed from
lower than a first rotation speed, which is a predetermined
rotation speed equal to or higher than a full-open rotation
speed at which an opening degree of a throttle valve of the
engine is substantially fully opened, to the first rotation
speed or higher. Accordingly, the engine rotation speed has
changed from lower than the first rotation speed, which is
the predetermined rotation speed equal to or higher than the
full-open rotation speed at which the opening degree of the
throttle valve of the engine is substantially fully opened, to
the first rotation speed or higher such that the occurrence of
the initial sudden increase in the engine rotation speed that
causes the over-revving is easily predicted, and the initial
misfire control is started.

In a marine propulsion device according to a preferred
embodiment of the present invention, the controller is pref-
erably configured or programmed to, when it is determined
that an index value indicating a rate of change of the engine
rotation speed is equal to or greater than a predetermined
threshold based on the detection result from the rev-up
detector in the initial misfire control, determine that the
initial sudden increase in the engine rotation speed that
causes the over-revving has occurred and cause the cylinder
to misfire. Accordingly, the controller determines that the
index value indicating the rate of change of the engine
rotation speed is equal to or greater than the predetermined
threshold to accurately determine that the initial sudden
increase in the engine rotation speed that causes the over-
revving has occurred. Therefore, in the initial misfire con-
trol, the cylinder is caused to misfire at an appropriate
timing.

In such a case, the controller is preferably configured or
programmed to terminate the initial misfire control and start
the subsequent misfire control when it is determined that the
engine rotation speed satisfies a predetermined termination
condition in the initial misfire control. Accordingly, the
subsequent misfire control is started at the time at which the
initial sudden increase in the engine rotation speed that
causes the over-revving ends and the subsequent sudden
increase in the engine rotation speed that causes the over-
revving begins.

In a marine propulsion device including the controller
configured or programmed to terminate the initial misfire
control and start the subsequent misfire control when it is
determined that the engine rotation speed satisfies the pre-
determined termination condition, the controller is prefer-
ably configured or programmed to determine again whether
or not the index value indicating the rate of change of the
engine rotation speed is equal to or greater than the prede-
termined threshold when it is determined that the engine
rotation speed does not satisty the predetermined termina-
tion condition. Accordingly, when the engine rotation speed
is expected to still increase in the initial misfire control, it is
again determined whether or not the index value indicating
the rate of change of the engine rotation speed is equal to or
greater than the predetermined threshold in order to cause
the cylinder to misfire without terminating the initial misfire
control.

In a marine propulsion device including the controller
configured or programmed to terminate the initial misfire
control and start the subsequent misfire control when it is
determined that the engine rotation speed satisfies the pre-
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determined termination condition, the controller is prefer-
ably configured or programmed to determine that the engine
rotation speed satisfies the predetermined termination con-
dition when the index value indicating the rate of change of
the engine rotation speed has changed to a predetermined
rate of change or lower in the initial misfire control. Accord-
ingly, at the time at which the subsequent sudden increase in
the engine rotation speed that causes the over-revving
begins, the initial misfire control is terminated, and the
subsequent misfire control is started.

In such a case, the controller is preferably configured or
programmed to determine that the engine rotation speed
satisfies the predetermined termination condition when the
index value indicating the rate of change of the engine
rotation speed has changed to 0 or less in the initial misfire
control. Accordingly, at the time at which the engine rotation
speed stops increasing, the initial misfire control is termi-
nated, and the subsequent misfire control is started.

A marine propulsion device including the controller con-
figured or programmed to terminate the initial misfire con-
trol and start the subsequent misfire control when it is
determined that the engine rotation speed satisfies the pre-
determined termination condition preferably further
includes a rotation speed detector to detect the engine
rotation speed, and the controller is preferably configured or
programmed to, in the initial misfire control, determine that
the engine rotation speed satisfies the predetermined termi-
nation condition when the engine rotation speed has become
higher than a second rotation speed or when the engine
rotation speed has become equal to or lower than the second
rotation speed after becoming higher than the second rota-
tion speed. Accordingly, the initial misfire control is
switched to the subsequent misfire control based on the
second rotation speed taking into consideration an allowable
rotation speed that must be prevented from being reached.

In a marine propulsion device including the controller
configured or programmed to, when it is determined that the
index value indicating the rate of change of the engine
rotation speed is equal to or greater than the predetermined
threshold, cause the cylinder to misfire, the cylinder of the
engine preferably includes a plurality of cylinders, and the
controller is preferably configured or programmed to cause
all of the cylinders to misfire when it is determined that the
index value indicating the rate of change of the engine
rotation speed is equal to or greater than the predetermined
threshold in the initial misfire control. Accordingly, all of the
cylinders are caused to misfire such that the initial sharp rise
that causes the over-revving in which the engine rotation
speed increases suddenly is effectively reduced or pre-
vented.

In a marine propulsion device including the controller
configured or programmed to, when it is determined that the
index value indicating the rate of change of the engine
rotation speed is equal to or greater than the predetermined
threshold, cause the cylinder to misfire, the cylinder of the
engine preferably includes a plurality of cylinders, and the
controller is preferably configured or programmed to
increase a number of misfiring cylinders as the index value
indicating the rate of change of the engine rotation speed
increases when it is determined that the index value indi-
cating the rate of change of the engine rotation speed is equal
to or greater than the predetermined threshold in the initial
misfire control. Accordingly, the number of misfiring cylin-
ders is varied when the rate of change of the engine rotation
speed is particularly high or particularly low in the initial
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misfire control. Therefore, the engine rotation speed is
further stabilized at the time of the sharp rise that causes the
over-revving.

In a marine propulsion device including the controller
configured or programmed to, when it is determined that the
index value indicating the rate of change of the engine
rotation speed is equal to or greater than the predetermined
threshold, cause the cylinder to misfire, the index value
indicating the rate of change of the engine rotation speed is
preferably the engine rotation speed used to calculate the
rate of change of the engine rotation speed, a load value of
a fuel injector of the engine that changes in conjunction with
the rate of change of the engine rotation speed, or an opening
degree value of a throttle valve of the engine that changes in
conjunction with the rate of change of the engine rotation
speed. Accordingly, in engines of various specifications with
different detectable index values, misfires of the cylinders
are controlled.

In a marine propulsion device including the controller
configured or programmed to start the initial misfire control
when it is determined that the engine rotation speed has
changed from lower than the first rotation speed to the first
rotation speed or higher, the controller is preferably config-
ured or programmed to cause the cylinder to misfire when
the engine rotation speed is equal to or higher than a misfire
rotation speed higher than the first rotation speed in the
subsequent misfire control. Accordingly, the misfire rotation
speed is set to a relatively high value in the subsequent
misfire control such that the engine rotation speed is main-
tained at a relatively high value in the subsequent misfire
control.

In such a case, the cylinder of the engine preferably
includes four cylinders, the misfire rotation speed preferably
includes a first misfire rotation speed, a second misfire
rotation speed higher than the first misfire rotation speed, a
third misfire rotation speed higher than the second misfire
rotation speed, and a fourth misfire rotation speed higher
than the third misfire rotation speed, the controller is pref-
erably configured or programmed to cause one of the four
cylinders to misfire when the engine rotation speed is equal
to or higher than the first misfire rotation speed and lower
than the second misfire rotation speed in the subsequent
misfire control, cause two of the four cylinders to misfire
when the engine rotation speed is equal to or higher than the
second misfire rotation speed and lower than the third
misfire rotation speed in the subsequent misfire control,
cause three of the four cylinders to misfire when the engine
rotation speed is equal to or higher than the third misfire
rotation speed and lower than the fourth misfire rotation
speed in the subsequent misfire control, and cause all of the
four cylinders to misfire when the engine rotation speed is
equal to or higher than the fourth misfire rotation speed in
the subsequent misfire control, and a difference between the
second misfire rotation speed and the third misfire rotation
speed and a difference between the third misfire rotation
speed and the fourth misfire rotation speed are preferably
greater than a difference between the first misfire rotation
speed and the second misfire rotation speed. Accordingly,
the third misfire rotation speed and the fourth misfire rota-
tion speed are set to a relatively high value with respect to
the first misfire rotation speed and the second misfire rota-
tion speed, and thus in the subsequent misfire control,
misfires of a large number of cylinders that significantly
decrease the engine rotation speed are reduced or prevented.
Consequently, the engine rotation speed is further stabilized
at the time of the sharp rise that causes the over-revving.
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In a marine propulsion device including the controller
configured or programmed to cause the cylinder to misfire
when the engine rotation speed is equal to or higher than the
misfire rotation speed in the subsequent misfire control, the
controller is preferably configured or programmed to termi-
nate the subsequent misfire control when it is determined
that the engine rotation speed has become lower than the first
rotation speed. Accordingly, based on the engine rotation
speed, it is determined that the subsequent sudden increase
in the engine rotation speed that causes the over-revving has
ceased, and the subsequent misfire control is terminated.

In a marine propulsion device including the controller
configured or programmed to start the initial misfire control
when it is determined that the engine rotation speed has
changed from lower than the first rotation speed to the first
rotation speed or higher, the first rotation speed is preferably
5,000 rpm, for example, or more and 10,000 rpm or less, for
example. Accordingly, when the engine rotation speed is less
than 5,000 rpm and when the engine rotation speed is more
than 10,000 rpm, the initial misfire control is prevented from
being started.

A marine vessel according to a preferred embodiment of
the present invention includes a hull, and a marine propul-
sion device provided on the hull. The marine propulsion
device includes an engine, a rev-up detector to detect a
sudden increase in an engine rotation speed, and a controller
configured or programmed to perform a control to suppress
the engine rotation speed. The controller is configured or
programmed to perform an initial misfire control to deter-
mine whether or not a cylinder of the engine is caused to
misfire in order to suppress the engine rotation speed when
it is determined that an initial sudden increase in the engine
rotation speed that causes over-revving has occurred based
on a detection result from the rev-up detector, and perform
a subsequent misfire control to determine whether or not the
cylinder is caused to misfire in order to suppress the engine
rotation speed when it is determined that a subsequent
sudden increase in the engine rotation speed that causes the
over-revving has occurred following the initial sudden
increase in the engine rotation speed based on the detection
result from the rev-up detector.

In a marine vessel according to a preferred embodiment of
the present invention, the controller is configured or pro-
grammed to perform the initial misfire control to determine
whether or not the cylinder of the engine is caused to misfire
in order to suppress the engine rotation speed when it is
determined that the initial sudden increase in the engine
rotation speed that causes the over-revving has occurred
based on the detection result from the rev-up detector, and
perform the subsequent misfire control to determine whether
or not the cylinder is caused to misfire in order to suppress
the engine rotation speed when it is determined that the
subsequent sudden increase in the engine rotation speed that
causes the over-revving has occurred following the initial
sudden increase in the engine rotation speed based on the
detection result from the rev-up detector. Accordingly, the
initial sudden increase in the engine rotation speed that
causes the over-revving and the subsequent sudden increase
in the engine rotation speed that causes the over-revving
following the initial sudden increase in the engine rotation
speed are reduced or prevented by the initial misfire control
and the subsequent misfire control different from each other.
That is, the misfire control for an initial sharp rise that causes
the over-revving in which in particular, the rate of change of
the engine rotation speed tends to increase and the engine
rotation speed tends to increase suddenly, and the misfire
control for a subsequent sharp rise that causes the over-
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revving are clearly separated. Furthermore, in the subse-
quent misfire control, a misfire of the cylinder is not per-
formed in consideration of the rate of change of the engine
rotation speed, and thus when the subsequent sudden
increase in the engine rotation speed is reduced or prevented,
conventional unnecessary misfires are reduced or prevented.
Consequently, the engine rotation speed is stabilized at the
time of the sharp rise that causes the over-revving.

In a marine vessel according to a preferred embodiment of
the present invention, the marine propulsion device prefer-
ably further includes a rotation speed detector to detect the
engine rotation speed, and the controller is preferably con-
figured or programmed to start the initial misfire control
when it is determined that the engine rotation speed has
changed from lower than a first rotation speed, which is a
predetermined rotation speed equal to or higher than a
full-open rotation speed at which an opening degree of a
throttle valve of the engine is substantially fully opened, to
the first rotation speed or higher. Accordingly, the engine
rotation speed has changed from lower than the first rotation
speed, which is the predetermined rotation speed equal to or
higher than the full-open rotation speed at which the opening
degree of the throttle valve of the engine is substantially
fully opened, to the first rotation speed or higher such that
the occurrence of the initial sudden increase in the engine
rotation speed that causes the over-revving is easily pre-
dicted, and the initial misfire control is started.

In a marine vessel according to a preferred embodiment of
the present invention, the controller is preferably configured
or programmed to, when it is determined that an index value
indicating a rate of change of the engine rotation speed is
equal to or greater than a predetermined threshold based on
the detection result from the rev-up detector in the initial
misfire control, determine that the initial sudden increase in
the engine rotation speed that causes the over-revving has
occurred and cause the cylinder to misfire. Accordingly, the
controller determines that the index value indicating the rate
of change of the engine rotation speed is equal to or greater
than the predetermined threshold to accurately determine
that the initial sudden increase in the engine rotation speed
that causes the over-revving has occurred. Therefore, in the
initial misfire control, the cylinder is caused to misfire at an
appropriate timing.

In such a case, the controller is preferably configured or
programmed to terminate the initial misfire control and start
the subsequent misfire control when it is determined that the
engine rotation speed satisfies a predetermined termination
condition in the initial misfire control. Accordingly, the
subsequent misfire control is started at the time at which the
initial sudden increase in the engine rotation speed that
causes the over-revving ends and the subsequent sudden
increase in the engine rotation speed that causes the over-
revving begins.

In a marine vessel including the controller configured or
programmed to terminate the initial misfire control and start
the subsequent misfire control when it is determined that the
engine rotation speed satisfies the predetermined termina-
tion condition, the controller is preferably configured or
programmed to determine again whether or not the index
value indicating the rate of change of the engine rotation
speed is equal to or greater than the predetermined threshold
when it is determined that the engine rotation speed does not
satisfy the predetermined termination condition. Accord-
ingly, when the engine rotation speed is expected to still
increase in the initial misfire control, it is again determined
whether or not the index value indicating the rate of change
of the engine rotation speed is equal to or greater than the
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predetermined threshold in order to cause the cylinder to
misfire without terminating the initial misfire control.

The above and other elements, features, steps, character-
istics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing a marine vessel
including an outboard motor according to a preferred
embodiment of the present invention.

FIG. 2 is a side view showing an outboard motor accord-
ing to a preferred embodiment of the present invention.

FIG. 3 is a block diagram showing an outboard motor and
a remote control lever according to a preferred embodiment
of the present invention.

FIG. 4 is a graph illustrating that an initial misfire control
is terminated and a subsequent misfire control is started
based on the rate of change of an engine rotation speed.

FIG. 5 is a graph illustrating that an initial misfire control
is terminated and a subsequent misfire control is started
based on a second engine rotation speed.

FIG. 6 is a flowchart of a control process in an initial
misfire control and a subsequent misfire control performed
by a controller of an outboard motor according to a preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments of the present invention are here-
inafter described with reference to the drawings.

The structure of a marine vessel 100 including an out-
board motor 101 according to preferred embodiments of the
present invention is now described with reference to FIGS.
1 to 5. The outboard motor 101 is an example of a “marine
propulsion device”.

As shown in FIG. 1, the marine vessel 100 includes a hull
1004, a remote control lever L, and the outboard motor 101.
The outboard motor 101 is provided at a stern of the hull
100a.

The outboard motor 101 (controller 5) according to pre-
ferred embodiments of the present invention performs an
initial misfire control to determine whether or not cylinders
1a of an engine 1 are caused to misfire in order to suppress
an engine rotation speed N (see FIG. 6) when it is deter-
mined that an initial sudden increase in the engine rotation
speed N that causes over-revving has occurred, and performs
a subsequent misfire control to determine whether or not the
cylinders 1a of the engine 1 are caused to misfire in order to
suppress the engine rotation speed N when it is determined
that a subsequent sudden increase in the engine rotation
speed N that causes over-revving has occurred following the
initial sudden increase in the engine rotation speed.

That is, the outboard motor 101 (controller 5) performs a
control suitable for each situation by separating a control to
suppress the engine rotation speed N into a control for the
initial sudden increase in the engine rotation speed N that
causes over-revving and a control for the subsequent sudden
increase in the engine rotation speed N that causes over-
revving. The details are described below.

The outboard motor 101 (controller 5) performs the initial
misfire control and the subsequent misfire control during
over-revving to prevent the engine rotation speed N from
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becoming higher than an allowable rotation speed and to
decrease the fluctuation range of the engine rotation speed N
during over-revving.

A user operates the outboard motor 101 using the remote
control lever L. The remote control lever L is an operator to
switch the outboard motor 101 to a neutral state, a forward
movement state, or a reverse movement state. The remote
control lever L is also an operator to adjust the engine
rotation speed N (thrust force) of the outboard motor 101.

Specifically, the remote control lever L transmits, to the
controller 5 of the outboard motor 101, a signal (a neutral
signal, a forward movement signal, or a reverse movement
signal) to switch the outboard motor 101 to the neutral state,
the forward movement state, or the reverse movement state
based on a user’s switching operation. The remote control
lever L includes an operation lever L1 and a lever position
sensor (not shown).

The operation lever L1 of the remote control lever L is
tilted forward from the neutral state in which the operation
lever L1 extends straight up by a predetermined angle to
switch the outboard motor 101 from the neutral state to the
forward movement state. Furthermore, the operation lever
L1 of the remote control lever L is tilted rearward from the
neutral state in which the operation lever L1 extends straight
up by a predetermined angle to switch the outboard motor
101 from the neutral state to the reverse movement state.

The remote control lever L transmits, to the controller 5,
a signal to change the opening degree of a throttle valve 10
of the outboard motor 101 based on a user’s switching
operation.

As shown in FIGS. 2 and 3, only one outboard motor 101
is provided at the stern of the hull 1004. The outboard motor
101 includes the engine 1, a drive shaft 2, a propeller shaft
3 including a propeller 3a, a rotation speed detector 4, and
the controller 5. The rotation speed detector 4 is an example
of a “rev-up detector”.

The engine 1 is provided inside a cowling C located at the
top of an outboard motor body. The engine 1 generates a
torque to drive the propeller 3a. As an example, the engine
1 is a V-type or V-shaped engine including four cylinders 1a
(only two cylinders 1a are shown in FIG. 2). The engine may
be an in-line engine, for example, instead of a V-type or
V-shaped engine.

The engine 1 includes the throttle valve 10, a fuel injector
11, igniters 12, and a crankshaft 13.

The throttle valve 10 is provided in an intake passage for
air to be supplied to a combustion chamber, and freely
changes an opening degree value (opening degree ratio) of
the intake passage. The throttle valve 10 adjusts the amount
of air to be supplied to the combustion chamber by changing
the opening degree value. As the opening degree value of the
throttle valve 10 increases, the engine rotation speed N
(thrust force) of the outboard motor 101 increases, and as the
opening degree value of the throttle valve 10 decreases, the
engine rotation speed N of the outboard motor 101
decreases. The throttle valve 10 is driven and controlled by
the controller 5 that has acquired a signal from the remote
control lever L to change the opening degree value.

The fuel injector 11 is provided at the intake passage for
air to be supplied to the combustion chamber, and injects
fuel into the intake passage to generate a mixture of air and
fuel. The fuel injector 11 includes a load detector 11a that
detects a load value associated with fuel injection of the fuel
injector 11. The controller 5 acquires the detection results of
the load detector 11a. As the load value detected by the load
detector 11a increases, the engine rotation speed N of the
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outboard motor 101 increases, and as the load value
decreases, the engine rotation speed N of the outboard motor
101 decreases.

The igniters 12 ignite the compressed air-fuel mixture in
the combustion chamber. The igniters 12 are driven and
controlled by the controller 5.

The crankshaft 13 rotates about a rotation center axis (not
shown). The crankshaft 13 is connected to pistons 135 via
connecting rods 134, and rotates by the driving forces of the
pistons 135 that reciprocate horizontally.

The drive shaft 2 includes an upper end connected to the
crankshaft 13 and rotates together with the crankshaft 13. A
bevel gear 20 is provided at the lower end of the drive shaft
2. The bevel gear 20 constantly meshes with both a forward
movement gear 21a and a reverse movement gear 215. The
forward movement gear 21a and the reverse movement gear
215 rotate about a rotation center axis a (see FIG. 2) of the
propeller shaft 3. The forward movement gear 21a and the
reverse movement gear 215 rotate in directions opposite to
each other.

A dog clutch 22 is provided between the forward move-
ment gear 21a and the reverse movement gear 215. The
outboard motor 101 is in the neutral state in which the
propeller 3a does not rotate when the dog clutch 22 does not
mesh with either the forward movement gear 21a or the
reverse movement gear 215.

The dog clutch 22 is moved forward by a shift actuator
22a and meshes with the forward movement gear 21a based
on an operation on the remote control lever L. such that the
outboard motor 101 shifts from the neutral state to the
forward movement state in which a rotation force is trans-
mitted from the forward movement gear 21a (engine 1) to
the propeller shaft 3.

The dog clutch 22 is moved rearward by the shift actuator
22a and meshes with the reverse movement gear 215 based
on an operation on the remote control lever L. such that the
outboard motor 101 shifts from the neutral state to the
reverse movement state in which a rotation force is trans-
mitted from the reverse movement gear 215 (engine 1) to the
propeller shaft 3.

The rotation speed detector 4 detects the engine rotation
speed N (see FIG. 6). The rotation speed detector 4 is a crank
sensor provided on the crankshaft 13 to detect the engine
rotation speed N by detecting the rotation state of the
crankshaft 13.

As an example, the rotation speed detector 4 is a non-
contact magnetic sensor. The rotation speed detector 4
includes a plurality of protrusions 40 provided on a portion
of the crankshaft 13 in a rotation direction, a non-protrusion
41 provided on a portion of the crankshaft 13 in the rotation
direction, and a magnetic detector 42 that detects the mag-
netism of the rotating crankshaft 13. The rotation speed
detector 4 detects, by the magnetic detector 42, magnetic
fluctuations caused by switching between a state in which
the magnetic detector 42 faces the protrusions 40 and a state
in which the magnetic detector 42 faces the non-protrusion
41 as the crankshaft 13 rotates to detect the engine rotation
speed N. The controller 5 acquires the detection results of
the rotation speed detector 4.

The rotation speed detector 4 is used to detect that the
engine rotation speed N has increased suddenly when the
initial misfire control and the subsequent misfire control
described below are performed by the controller 5.

The controller 5 includes a control circuit, and includes a
board including a central processing unit (CPU), a memory,
etc. The controller 5 is an engine control unit (ECU). The
controller 5 controls driving of the outboard motor 101
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based on operations on various operators such as the remote
control lever L. and a steering wheel provided on the hull
100aq.

The controller 5 performs a control to suppress the engine
rotation speed N. For example, when it is determined that the
initial sudden increase in the engine rotation speed N that
causes over-revving has occurred based on the detection
results of the rotation speed detector 4, the controller 5
performs the initial misfire control to determine whether or
not the cylinders 1a are caused to misfire in order to suppress
the engine rotation speed N. When the cylinders 1a are
caused to misfire in the initial misfire control, the controller
5 causes all of the cylinders 1a (four cylinders 1a) to misfire.

The controller 5 determines that the initial sudden
increase in the engine rotation speed N that causes over-
revving has occurred when it is determined that an index
value indicating the rate of change of the engine rotation
speed N is equal to or greater than a predetermined threshold
Ha based on the detection results of the rotation speed
detector 4 in the initial misfire control, and causes the
cylinders 1a to misfire. The index value refers to the engine
rotation speed N used to calculate the rate of change of the
engine rotation speed N. The index value may be a load
value of the fuel injector 11 of the engine 1 that changes in
conjunction with the rate of change of the engine rotation
speed N, or the opening degree value of the throttle valve 10
of the engine 1 that changes in conjunction with the rate of
change of the engine rotation speed N.

When it is determined that the subsequent sudden increase
in the engine rotation speed N that causes over-revving has
occurred following the initial sudden increase in the engine
rotation speed N based on the detection results of the
rotation speed detector 4, the controller 5 performs the
subsequent misfire control to determine whether or not the
cylinders 1a are caused to misfire in order to suppress the
engine rotation speed N. The controller 5 increases the
number of misfiring cylinders 1a as the engine rotation
speed N increases when causing the cylinders 1a to misfire
in the subsequent misfire control.

The initial misfire control is not repeatedly performed
after the initial misfire control is terminated, and the subse-
quent misfire control is started after the initial misfire control
is terminated.

A control process of the initial misfire control and the
subsequent misfire control performed by the controller 5 is
now described along a flowchart with reference to FIG. 6.

In step S1, it is determined whether or not the engine
rotation speed N has changed from lower than a first rotation
speed N1, which is a predetermined rotation speed equal to
or higher than a full-open rotation speed at which the
opening degree of the throttle valve 10 of the engine 1 is
substantially fully opened, to the first rotation speed N1 or
higher. When it is determined that the engine rotation speed
N has changed to the first rotation speed N1 or higher, the
process advances to step S2. When it is determined that the
engine rotation speed N has not changed to the first rotation
speed N1 or higher, the process advances to step S3. As an
example, the first rotation speed N1 is 5,000 rpm or more,
and 10,000 rpm or less. As a specific example, the first
rotation speed N1 is 8,000 rpm, and the full-open rotation
speed is 7,600 rpm.

In step S2, a rev-up determination is set to 1. Then, the
process advances to step S3.

In step S3, it is determined whether or not the engine
rotation speed N satisfies a predetermined termination con-
dition.
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Specifically, in step S3, it is determined whether or not at
least one of two termination conditions is satisfied, and when
it is determined that at least one of the two termination
conditions is satisfied, the process advances to step S4.
When it is determined that neither of the two termination
conditions is satisfied, the process advances to step S5.
Determining whether or not at least one of the two termi-
nation conditions is satisfied refers to a determination
regarding the following two termination conditions.

As afirst termination condition, it is determined in step S3
whether or not the rate of change H of the engine rotation
speed N has changed to a predetermined rate of change Hb
or lower (see FIG. 4). As an example, the predetermined rate
of change Hb is 0. That is, it is determined whether or not
the engine rotation speed N has stopped increasing. The rate
of'change H of the engine rotation speed N refers to the most
recent amount of change in the engine rotation speed N per
minute time. The rate of change H [rpm/ms] of the engine
rotation speed N is calculated by dividing an engine rotation
speed AN [rpm] that changes within a minute time At [ms]
by the minute time At. That is, the rate of change H of the
engine rotation speed N corresponds to an instantaneous
value of the slope of the engine rotation speed N.

As a second termination condition, it is determined in step
S3 whether or not the engine rotation speed N has become
higher than a second rotation speed N2 (see FIG. 5). As an
example, the second rotation speed N2 is 10,000 rpm. The
second engine speed N2 is higher than at least a fourth
misfire rotation speed N14 described below.

In step S4, the rev-up determination is set to 0. Then, the
process advances to step S5.

In step S5, it is determined whether or not the rate of
change H of the engine rotation speed N is equal to or greater
than the predetermined threshold Ha based on the detection
results of the rotation speed detector 4. As an example, the
predetermined threshold Ha is 102 rpm/ms. When the rate of
change H of the engine rotation speed N is equal to or greater
than the predetermined threshold Ha, the process advances
to step S6, and when the rate of change H of the engine
rotation speed N is less than the predetermined threshold Ha,
the process advances to step S8.

In step S6, an initial misfire control determination is set to
1. Then, the process advances to step S7.

In step S7, all of the cylinders 1a are caused to misfire.
Thus, the initial sudden increase in the engine rotation speed
N that causes over-revving is reduced or prevented. Then,
the process advances to RETURN and returns to step S1.
The term “misfire” indicates that in the cycle of the engine
1 in which intake, compression, explosion, and exhaust are
repeated, explosion is not performed only once.

In step S8, the initial misfire control determination is set
to 0. Then, the process advances to step S9.

In the subsequent misfire control in step S9 to step S16,
the controller 5 causes the cylinders 1a to misfire when the
engine rotation speed N is equal to or higher than a misfire
rotation speed, which is a predetermined rotation speed
higher than the first rotation speed N1. The misfire rotation
speed includes a first misfire rotation speed N11, a second
misfire rotation speed N12 higher than the first misfire
rotation speed N11, a third misfire rotation speed N13 higher
than the second misfire rotation speed N12, and a fourth
misfire rotation speed N14 higher than the third misfire
rotation speed N13. As an example, a difference between the
second misfire rotation speed N12 and the third misfire
rotation speed N13 is greater than a difference between the
first misfire rotation speed N11 and the second misfire
rotation speed N12. Furthermore, a difference between the
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third misfire rotation speed N13 and the fourth misfire
rotation speed N14 is greater than a difference between the
first misfire rotation speed N11 and the second misfire
rotation speed N12.

As a specific example, the first misfire rotation speed N11
is 8,100 rpm., the second misfire rotation speed N12 is 8,150
rpm, the third misfire rotation speed N13 is 8,600 rpm, and
the fourth misfire rotation speed N14 is 8,800 rpm. The
operations in step S9 to step S16 are described in order
below.

In step S9, it is determined whether or not the engine
rotation speed N is equal to or higher than the fourth misfire
rotation speed N14. When the engine rotation speed N is
equal to or higher than the fourth misfire rotation speed N14,
the process advances to step S10, and when the engine
rotation speed N is lower than the fourth misfire rotation
speed N14, the process advances to step S11.

In step S10, the four cylinders 1a are caused to misfire.
Then, the process advances to RETURN and returns to step
S1.

In step S11, it is determined whether or not the engine
rotation speed N is equal to or higher than the third misfire
rotation speed N13 (lower than the fourth misfire rotation
speed N14). When the engine rotation speed N is equal to or
higher than the third misfire rotation speed N13, the process
advances to step S12, and when the engine rotation speed N
is lower than the third misfire rotation speed N13, the
process advances to step S13.

In step S12, three cylinders 1a are caused to misfire. Then,
the process advances to RETURN and returns to step S1.

In step S13, it is determined whether or not the engine
rotation speed N is equal to or higher than the second misfire
rotation speed N12 (lower than the third misfire rotation
speed N13). When the engine rotation speed N is equal to or
higher than the second misfire rotation speed N12, the
process advances to step S14, and when the engine rotation
speed N is lower than the second misfire rotation speed N12,
the process advances to step S15.

In step S14, two cylinders 1a are caused to misfire. Then,
the process advances to RETURN and returns to step S1.

In step S15, it is determined whether or not the engine
rotation speed N is equal to or higher than the first misfire
rotation speed N11 (lower than the second misfire rotation
speed N12). When the engine rotation speed N is equal to or
higher than the first misfire rotation speed N11, the process
advances to step S16. When the engine rotation speed N is
lower than the first misfire rotation speed N11, the process
advances to RETURN and returns to step S1.

In step S16, one cylinder 1a is caused to misfire. Then, the
process returns to step S1. The controller 5 terminates the
subsequent misfire control when it is determined that the
engine rotation speed N has become lower than the first
rotation speed N1.

According to the various preferred embodiments of the
present invention described above, the following advanta-
geous effects are achieved.

According to a preferred embodiment of the present
invention, the controller 5 is configured or programmed to
perform the initial misfire control to determine whether or
not the cylinders 1a of the engine 1 are caused to misfire in
order to suppress the engine rotation speed N when it is
determined that the initial sudden increase in the engine
rotation speed N that causes over-revving has occurred
based on the detection results of the rotation speed detector
4, and perform the subsequent misfire control to determine
whether or not the cylinders 1a are caused to misfire in order
to suppress the engine rotation speed N when it is deter-
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mined that the subsequent sudden increase in the engine
rotation speed N that causes over-revving has occurred
following the initial sudden increase in the engine rotation
speed N based on the detection results of the rotation speed
detector 4. Accordingly, the initial sudden increase in the
engine rotation speed N that causes over-revving and the
subsequent sudden increase in the engine rotation speed N
that causes over-revving following the initial sudden
increase in the engine rotation speed N are reduced or
prevented by the initial misfire control and the subsequent
misfire control different from each other. That is, the misfire
control for an initial sharp rise that causes over-revving in
which in particular, the rate of change H of the engine
rotation speed N tends to increase and the engine rotation
speed N tends to increase suddenly, and the misfire control
for a subsequent sharp rise that causes over-revving are
clearly separated. Furthermore, in the subsequent misfire
control, misfires of the cylinders 1a are not performed in
consideration of the rate of change H of the engine rotation
speed N, and thus when the subsequent sudden increase in
the engine rotation speed N is reduced or prevented, con-
ventional unnecessary misfires are reduced or prevented.
Consequently, the engine rotation speed N is stabilized at the
time of the sharp rise that causes over-revving.

According to a preferred embodiment of the present
invention, the outboard motor 101 includes the rotation
speed detector 4 to detect the engine rotation speed N, and
the controller 5 is configured or programmed to start the
initial misfire control when it is determined that the engine
rotation speed N has changed from lower than the first
rotation speed N1, which is the predetermined rotation speed
equal to or higher than the full-open rotation speed at which
the opening degree of the throttle valve 10 of the engine 1
is substantially fully opened, to the first rotation speed N1 or
higher. Accordingly, the engine rotation speed N has
changed from lower than the first rotation speed N1, which
is the predetermined rotation speed equal to or higher than
the full-open rotation speed at which the opening degree of
the throttle valve 10 of the engine 1 is substantially fully
opened, to the first rotation speed N1 or higher such that the
occurrence of the initial sudden increase in the engine
rotation speed N that causes over-revving is easily predicted,
and the initial misfire control is started.

According to a preferred embodiment of the present
invention, the controller 5 is configured or programmed to,
when it is determined that the index value indicating the rate
of change H of the engine rotation speed N is equal to or
greater than the predetermined threshold Ha based on the
detection results of the rotation speed detector 4 in the initial
misfire control, determine that the initial sudden increase in
the engine rotation speed N that causes over-revving has
occurred and cause the cylinders 1a to misfire. Accordingly,
the controller 5 determines that the index value indicating
the rate of change H of the engine rotation speed N is equal
to or greater than the predetermined threshold Ha to accu-
rately determine that the initial sudden increase in the engine
rotation speed N that causes over-revving has occurred.
Therefore, in the initial misfire control, the cylinders 1a are
caused to misfire at an appropriate timing.

According to a preferred embodiment of the present
invention, the controller 5 is configured or programmed to
terminate the initial misfire control and start the subsequent
misfire control when it is determined that the engine rotation
speed N satisfies the predetermined termination condition in
the initial misfire control. Accordingly, the subsequent mis-
fire control is started at the time at which the initial sudden
increase in the engine rotation speed N that causes over-
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revving ends and the subsequent sudden increase in the
engine rotation speed N that causes over-revving begins.

According to a preferred embodiment of the present
invention, the controller 5 is configured or programmed to
determine again whether or not the index value indicating
the rate of change H of the engine rotation speed N is equal
to or greater than the predetermined threshold Ha when it is
determined that the engine rotation speed N does not satisfy
the predetermined termination condition. Accordingly, when
the engine rotation speed N is expected to still increase in the
initial misfire control, it is again determined whether or not
the index value indicating the rate of change H of the engine
rotation speed N is equal to or greater than the predeter-
mined threshold Ha in order to cause the cylinders la to
misfire without terminating the initial misfire control.

According to a preferred embodiment of the present
invention, the controller 5 is configured or programmed to
determine that the engine rotation speed N satisfies the
predetermined termination condition when the index value
indicating the rate of change H of the engine rotation speed
N has changed to the predetermined rate of change Hb or
lower in the initial misfire control. Accordingly, at the time
at which the subsequent sudden increase in the engine
rotation speed N that causes over-revving begins, the initial
misfire control is terminated, and the subsequent misfire
control is started.

According to a preferred embodiment of the present
invention, the controller 5 is configured or programmed to
determine that the engine rotation speed N satisfies the
predetermined termination condition when the index value
indicating the rate of change H of the engine rotation speed
N has changed to O or less in the initial misfire control.
Accordingly, at the time at which the engine rotation speed
N stops increasing, the initial misfire control is terminated,
and the subsequent misfire control is started.

According to a preferred embodiment of the present
invention, the outboard motor 101 further includes the
rotation speed detector 4 to detect the engine rotation speed
N, and the controller 5 is configured or programmed to, in
the initial misfire control, determine that the engine rotation
speed N satisfies the predetermined termination condition
when the engine rotation speed N has become higher than
the second rotation speed N2 or when the engine rotation
speed N has become equal to or lower than the second
rotation speed N2 after becoming higher than the second
rotation speed N2. Accordingly, the initial misfire control is
switched to the subsequent misfire control based on the
second rotation speed N2 taking into consideration the
allowable rotation speed that must be prevented from being
reached.

According to a preferred embodiment of the present
invention, the engine 1 includes the plurality of cylinders 1a,
and the controller 5 is configured or programmed to cause all
of the cylinders 1a to misfire when it is determined that the
index value indicating the rate of change H of the engine
rotation speed N is equal to or greater than the predeter-
mined threshold in the initial misfire control. Accordingly,
all of the cylinders 1a are caused to misfire such that the
initial sharp rise that causes over-revving in which the
engine rotation speed N increases suddenly is effectively
reduced or prevented.

According to a preferred embodiment of the present
invention, the engine 1 includes the plurality of cylinders 1a,
and the controller 5 is configured or programmed to increase
the number of misfiring cylinders 1a as the index value
indicating the rate of change H of the engine rotation speed
N increases when it is determined that the index value
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indicating the rate of change H of the engine rotation speed
N is equal to or greater than the predetermined threshold Ha
in the initial misfire control. Accordingly, the number of
misfiring cylinders 1a is varied when the rate of change H
of the engine rotation speed N is particularly high or
particularly low in the initial misfire control. Therefore, the
engine rotation speed N is further stabilized at the time of the
sharp rise that causes over-revving.

According to a preferred embodiment of the present
invention, the index value indicating the rate of change H of
the engine rotation speed N is the engine rotation speed N
used to calculate the rate of change H of the engine rotation
speed N, the load value of the fuel injector 11 of the engine
1 that changes in conjunction with the rate of change H of
the engine rotation speed N, or the opening degree value of
the throttle valve 10 of the engine 1 that changes in con-
junction with the rate of change H of the engine rotation
speed N. Accordingly, in engines of various specifications
with different detectable index values, misfires of cylinders
are controlled.

According to a preferred embodiment of the present
invention, the controller 5 is configured or programmed to
cause the cylinders 1a to misfire when the engine rotation
speed N is equal to or higher than the misfire rotation speed,
which is the predetermined rotation speed higher than the
first rotation speed N1 in the subsequent misfire control.
Accordingly, the misfire rotation speed is set to a relatively
high value in the subsequent misfire control such that the
engine rotation speed N is maintained at a relatively high
value in the subsequent misfire control.

According to a preferred embodiment of the present
invention, the engine 1 includes the four cylinders 1a, and
the misfire rotation speed includes the first misfire rotation
speed N11, the second misfire rotation speed N12 higher
than the first misfire rotation speed N11, the third misfire
rotation speed N13 higher than the second misfire rotation
speed N12, and the fourth misfire rotation speed N14 higher
than the third misfire rotation speed N13. Furthermore, the
controller 5 is configured or programmed to cause one
cylinder 1a to misfire when the engine rotation speed N is
equal to or higher than the first misfire rotation speed N11
and lower than the second misfire rotation speed N12 in the
subsequent misfire control, cause two cylinders 1a to misfire
when the engine rotation speed N is equal to or higher than
the second misfire rotation speed N12 and lower than the
third misfire rotation speed N13 in the subsequent misfire
control, cause three cylinders 1a to misfire when the engine
rotation speed N is equal to or higher than the third misfire
rotation speed N13 and lower than the fourth misfire rotation
speed N14 in the subsequent misfire control, and cause the
four cylinders 1a to misfire when the engine rotation speed
N is equal to or higher than the fourth misfire rotation speed
N14 in the subsequent misfire control. The difference
between the second misfire rotation speed N12 and the third
misfire rotation speed N13 and the difference between the
third misfire rotation speed N13 and the fourth misfire
rotation speed N14 are greater than the difference between
the first misfire rotation speed N11 and the second misfire
rotation speed N12. Accordingly, the third misfire rotation
speed N13 and the fourth misfire rotation speed N14 are set
to a relatively high value with respect to the first misfire
rotation speed N11 and the second misfire rotation speed
N12, and thus in the subsequent misfire control, misfires of
a large number of cylinders that significantly decrease the
engine rotation speed N are reduced or prevented. Conse-
quently, the engine rotation speed N is further stabilized at
the time of the sharp rise that causes over-revving.
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According to a preferred embodiment of the present
invention, the controller 5 is configured or programmed to
terminate the subsequent misfire control when it is deter-
mined that the engine rotation speed N has become lower
than the first rotation speed N1. Accordingly, based on the
engine rotation speed N, it is determined that the subsequent
sudden increase in the engine rotation speed N that causes
over-revving has ceased, and the subsequent misfire control
is terminated.

According to a preferred embodiment of the present
invention, the first rotation speed N1 is 5,000 rpm or more,
for example, and 10,000 rpm or less, for example. Accord-
ingly, when the engine rotation speed N is less than 5,000
rpm and when the engine rotation speed N is more than
10,000 rpm, the initial misfire control is prevented from
being started.

The preferred embodiments of the present invention
described above are illustrative in all points and not restric-
tive. The extent of the present invention is not defined by the
above description of the preferred embodiments but by the
scope of the claims, and all modifications within the mean-
ing and range equivalent to the scope of the claims are
further included.

For example, while the marine propulsion device is pref-
erably an outboard motor in preferred embodiments
described above, the present invention is not restricted to
this. In a preferred embodiment of the present invention, the
marine propulsion device may alternatively be an inboard
motor, an inboard-outboard motor, or a jet propulsion
device, for example.

While only one outboard motor is preferably provided on
the hull in preferred embodiments described above, the
present invention is not restricted to this. In a preferred
embodiment of the present invention, a plurality of outboard
motors may alternatively be provided on the hull.

While the engine of the outboard motor preferably
includes four cylinders in preferred embodiments described
above, the present invention is not restricted to this. In a
preferred embodiment of the present invention, the number
of cylinders of the engine of the outboard motor may
alternatively be different from four.

While the initial misfire control is preferably terminated
when at least one of the conditions that the rate of change of
the engine rotation speed has changed to the predetermined
rate of change or lower and that the engine rotation speed
has become higher than the second rotation speed is satisfied
in preferred embodiments described above, the present
invention is not restricted to this. In a preferred embodiment
of the present invention, the initial misfire control may
alternatively be terminated when at least one of the condi-
tions that the rate of change of the engine rotation speed has
changed to the predetermined rate of change or lower and
that the engine rotation speed has become equal to or lower
than the second rotation speed after becoming higher than
the second rotation speed is satisfied. In addition, the initial
misfire control may alternatively be terminated only when
the rate of change of the engine rotation speed has changed
to the predetermined rate of change or lower. Furthermore,
the initial misfire control may alternatively be terminated
only when the engine rotation speed has become higher than
the second rotation speed. Moreover, the termination con-
ditions of the initial misfire control may alternatively further
include that a predetermined period of time has elapsed
since the start of the initial misfire control. That is, when the
predetermined period of time has elapsed since the start of
the initial misfire control, the initial misfire control may be
terminated upon expiration.
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While the controller preferably performs a control to
cause all of the cylinders to misfire when it is determined
that the index value indicating the rate of change of the
engine rotation speed is equal to or greater than the prede-
termined threshold in the initial misfire control in preferred
embodiments described above, the present invention is not
restricted to this. In a preferred embodiment of the present
invention, the controller may alternatively increase the num-
ber of misfiring cylinders as the index value indicating the
rate of change of the engine rotation speed increases when
it is determined that the index value indicating the rate of
change of the engine rotation speed is equal to or greater
than the predetermined threshold in the initial misfire con-
trol.

While the rev-up detector is preferably a rotation speed
detector in preferred embodiments described above, the
present invention is not restricted to this. In a preferred
embodiment of the present invention, the rev-up detector
may alternatively be the load detector of the fuel injector or
an ECU that changes the opening degree value of the throttle
valve.

While preferred embodiments of the present invention
have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, is to be determined solely by the following claims.

What is claimed is:
1. A marine propulsion device comprising:
an engine;
a rev-up detector to detect a sudden increase in an engine
rotation speed; and
a controller configured or programmed to perform a
control to suppress the engine rotation speed; wherein
the controller is configured or programmed to:
perform an initial misfire control to determine whether
or not a cylinder of the engine is to be misfired in
order to suppress the engine rotation speed when it is
determined that an initial sudden increase in the
engine rotation speed that causes over-revving has
occurred based on a detection result from the rev-up
detector, and to misfire the cylinder in the initial
misfire control when it is determined that the cylin-
der is to be misfired; and
perform a subsequent misfire control to determine
whether or not the cylinder is to be misfired in order
to suppress the engine rotation speed when it is
determined that a subsequent sudden increase in the
engine rotation speed that causes the over-revving
has occurred following the initial sudden increase in
the engine rotation speed based on the detection
result from the rev-up detector, and to misfire the
cylinder in the subsequent misfire control when it is
determined that the cylinder is to be misfired.
2. The marine propulsion device according to claim 1,
wherein
the rev-up detector is a rotation speed detector to detect
the engine rotation speed; and
the controller is configured or programmed to start the
initial misfire control when it is determined that the
engine rotation speed has changed from lower than a
first rotation speed, which is a predetermined rotation
speed equal to or higher than a full-open rotation speed
at which an opening degree of a throttle valve of the
engine is substantially fully opened, to the first rotation
speed or higher.
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3. The marine propulsion device according to claim 1,
wherein the controller is configured or programmed to,
when it is determined that an index value indicating a rate of
change of the engine rotation speed is equal to or greater
than a predetermined threshold based on the detection result
from the rev-up detector in the initial misfire control, deter-
mine that the initial sudden increase in the engine rotation
speed that causes the over-revving has occurred and cause
the cylinder to misfire.

4. The marine propulsion device according to claim 3,
wherein the controller is configured or programmed to
terminate the initial misfire control and start the subsequent
misfire control when it is determined that the engine rotation
speed satisfies a predetermined termination condition in the
initial misfire control.

5. The marine propulsion device according to claim 4,
wherein the controller is configured or programmed to
determine again whether or not the index value indicating
the rate of change of the engine rotation speed is equal to or
greater than the predetermined threshold when it is deter-
mined that the engine rotation speed does not satisfy the
predetermined termination condition.

6. The marine propulsion device according to claim 4,
wherein the controller is configured or programmed to
determine that the engine rotation speed satisfies the prede-
termined termination condition when the index value indi-
cating the rate of change of the engine rotation speed has
changed to a predetermined rate of change or lower in the
initial misfire control.

7. The marine propulsion device according to claim 6,
wherein the controller is configured or programmed to
determine that the engine rotation speed satisfies the prede-
termined termination condition when the index value indi-
cating the rate of change of the engine rotation speed has
changed to O or less in the initial misfire control.

8. The marine propulsion device according to claim 4,
wherein

the rev-up detector is a rotation speed detector to detect

the engine rotation speed; and

the controller is configured or programmed to, in the

initial misfire control, determine that the engine rota-
tion speed satisfies the predetermined termination con-
dition when the engine rotation speed has become
higher than a second rotation speed or when the engine
rotation speed has become equal to or lower than the
second rotation speed after becoming higher than the
second rotation speed.

9. The marine propulsion device according to claim 3,
wherein

the cylinder of the engine includes a plurality of cylinders;

and

the controller is configured or programmed to cause all of

the cylinders to misfire when it is determined that the
index value indicating the rate of change of the engine
rotation speed is equal to or greater than the predeter-
mined threshold in the initial misfire control.

10. The marine propulsion device according to claim 3,
wherein

the cylinder of the engine includes a plurality of cylinders;

and

the controller is configured or programmed to increase a

number of misfiring cylinders as the index value indi-
cating the rate of change of the engine rotation speed
increases when it is determined that the index value
indicating the rate of change of the engine rotation
speed is equal to or greater than the predetermined
threshold in the initial misfire control.
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11. The marine propulsion device according to claim 3,
wherein the index value indicating the rate of change of the
engine rotation speed is the engine rotation speed used to
calculate the rate of change of the engine rotation speed, a
load value of a fuel injector of the engine that changes in
conjunction with the rate of change of the engine rotation
speed, or an opening degree value of a throttle valve of the
engine that changes in conjunction with the rate of change
of the engine rotation speed.

12. The marine propulsion device according to claim 2,
wherein the controller is configured or programmed to cause
the cylinder to misfire when the engine rotation speed is
equal to or higher than a misfire rotation speed higher than
the first rotation speed in the subsequent misfire control.

13. The marine propulsion device according to claim 12,
wherein

the engine includes four cylinders;

the misfire rotation speed includes a first misfire rotation

speed, a second misfire rotation speed higher than the
first misfire rotation speed, a third misfire rotation
speed higher than the second misfire rotation speed,
and a fourth misfire rotation speed higher than the third
misfire rotation speed;

the controller is configured or programmed to:

cause one of the four cylinders to misfire when the
engine rotation speed is equal to or higher than the
first misfire rotation speed and lower than the second
misfire rotation speed in the subsequent misfire con-
trol;

cause two of the four cylinders to misfire when the
engine rotation speed is equal to or higher than the
second misfire rotation speed and lower than the
third misfire rotation speed in the subsequent misfire
control;

cause three of the four cylinders to misfire when the
engine rotation speed is equal to or higher than the
third misfire rotation speed and lower than the fourth
misfire rotation speed in the subsequent misfire con-
trol; and

cause all of the four cylinders to misfire when the
engine rotation speed is equal to or higher than the
fourth misfire rotation speed in the subsequent mis-
fire control; and

a difference between the second misfire rotation speed and

the third misfire rotation speed and a difference
between the third misfire rotation speed and the fourth
misfire rotation speed are greater than a difference
between the first misfire rotation speed and the second
misfire rotation speed.

14. The marine propulsion device according to claim 12,
wherein the controller is configured or programmed to
terminate the subsequent misfire control when it is deter-
mined that the engine rotation speed has become lower than
the first rotation speed.

15. The marine propulsion device according to claim 2,
wherein the first rotation speed is 5,000 rpm or more and
10,000 rpm or less.

16. A marine vessel comprising:

a hull; and

a marine propulsion device provided on the hull and

including:

an engine;

a rev-up detector to detect a sudden increase in an
engine rotation speed; and

a controller configured or programmed to perform a
control to suppress the engine rotation speed;
wherein
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the controller is configured or programmed to:
perform an initial misfire control to determine whether
or not a cylinder of the engine is to be misfired in
order to suppress the engine rotation speed when it is
determined that an initial sudden increase in the
engine rotation speed that causes over-revving has
occurred based on a detection result from the rev-up
detector, and to misfire the cylinder in the initial
misfire control when it is determined that the cylin-
der is to be misfired; and
perform a subsequent misfire control to determine
whether or not the cylinder is to be misfired in order
to suppress the engine rotation speed when it is
determined that a subsequent sudden increase in the
engine rotation speed that causes the over-revving
has occurred following the initial sudden increase in
the engine rotation speed based on the detection
result from the rev-up detector, and to misfire the
cylinder in the subsequent misfire control when it is
determined that the cylinder is to be misfired.
17. The marine vessel according to claim 16, wherein
the rev-up detector is a rotation speed detector to detect
the engine rotation speed; and
the controller is configured or programmed to start the
initial misfire control when it is determined that the
engine rotation speed has changed from lower than a
first rotation speed, which is a predetermined rotation
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speed equal to or higher than a full-open rotation speed
at which an opening degree of a throttle valve of the
engine is substantially fully opened, to the first rotation
speed or higher.

18. The marine vessel according to claim 16, wherein the
controller is configured or programmed to, when it is deter-
mined that an index value indicating a rate of change of the
engine rotation speed is equal to or greater than a predeter-
mined threshold based on the detection result from the
rev-up detector in the initial misfire control, determine that
the initial sudden increase in the engine rotation speed that
causes the over-revving has occurred and cause the cylinder
to misfire.

19. The marine vessel according to claim 18, wherein the
controller is configured or programmed to terminate the
initial misfire control and start the subsequent misfire control
when it is determined that the engine rotation speed satisfies
a predetermined termination condition in the initial misfire
control.

20. The marine vessel according to claim 19, wherein the
controller is configured or programmed to determine again
whether or not the index value indicating the rate of change
of the engine rotation speed is equal to or greater than the
predetermined threshold when it is determined that the
engine rotation speed does not satisfy the predetermined
termination condition.
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